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(54) Process for forming silicon oxide coatings 

(57) A plastic vessel of three-dimensional shape, 
that is coated with a silicon oxide film, wherein 

said plastic is a material that has a Tg higher than 
the coating temperature; and 

said silicon oxide film has a refractive index of 1 .4 
to 1 .5, a thickness of 300 A to 2000 A and a composition 
of SiO x (x = 1 .5 to 2.0), and is coated with a thin silicon 
compound polymeric film that has a refractive index of 
2.0 to 2.3 and a thickness of 300 to 2000 A. 
The coating process comprises; 

placing a high-frequency electrode in the surface 
side on which the coating is not formed, the location of 
the high-frequency electrode being nearly constant in a 



distance not more than 10 mm from the electrode sur- 
face to the vessel surface on which the coating is 
formed; 

placing an electrode for ground connection in the 
surface side on which the coating is formed, the location 
of the ground connection electrode being nearly con- 
stant in a distance from the electrode surface to the ves-. 
se! surface, which distance is greater than the distance 
from the high-frequency electrode surface to the vessel 
surface on which the coating is formed; and 

adhering the silicon oxide thin firm in a uniform 
thickness to the surface which faces to the ground con- 
nection electrode by CVD. 
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Description 

Background of the Invention 

s The present Invention relates to a three -dimensional plastic vessel that has excellent in gas-impermeability and 

suitable for packaging and other purposes, and relates to a process for coating a transparent silicon compound film 
that is excellent in gas-impermeability on a vessel made of a plastic material. 

Packaging materials are required to prevent permeation or transmission of gas for protection and preservation of 
the contents. Many attempts have been made to achieve this requirement. For example, efforts for providing inorganic 
io layers such as silicon oxide or aluminum oxide, lamination of gas-impermeable resinous layers such as polyvinylidene 
chloride, and lamination of metallic aluminum foil have been made. 

In addition, Japanese Laid-Open Patent No. 3-183759/1991 discloses a film layer, in which an organic thin layer 
is formed as a coating to a plastic film by applying the synthetic resin the same as the plastic by means of vacuum 
deposition or sputtering, and an inorganic material is deposited in vacuum thereon to form a mixed layer of the organic 
'5 and inorganic layers on which further inorganic layer is formed. Since such plastic is quite different from the inorganic 
layer of the coating layer and has poor affinity, the intermediate blended layer of the synthetic resin and the inorganic 
material is provided; however, the presence of the synthetic resin surface in the blended layer in addition to the inorganic 
material does not give the improvement of the fixation of the inorganic material as expected. 

Furthermore, the two-step vapor deposition of the synthetic resin and inorganic material cannot be applicable to 
20 molded products for example except sheet-form materials. 

Furthermore, the molecular weight of the synthetic resin is decreased by the vapor deposition; thereby, the vessel 
comprising this plastic material has poor processability. 

The present inventor previously filed patent applications for Japanese Liad-Open Patent No. 5-345385/1993 and 
Japanese Patent Application No. 5-224903/1993. These inventions are quite different from conventional packaging 
25 materials overcoming defects of conventional packaging materials. However, they are not satisfactory to a certain 
extent in formation of coated films of ultraprecise uniform thickness although coated films of uniform thickness can be 
formed for three-dimensional vessels. Ultraprecise uniform thickness is required for special uses such as for packaging 
special drugs. 

30 Summary of the Invention 

The object of the present invention is to form a film of ultraprecise thickness in which the difference of the film 
thickness is not more than 200 A for example, overcomes the problem of nonuniformity in film thickness as mentioned 
above, and improves the gas-impermeability significantly. 

35 

Brief Description of the Drawings 

Figure 1 is a schematic drawing of a high-frequency CVD apparatus used in the present invention. 
Figure 2 is a schematic drawing of an apparatus for coating outer surface of a vessel used in the present invention. 
^0 Figure 3 is a schematic drawing of a Comparative Example. 

Figure 4 is a drawing showing the observation position of the apparatus shown by Figure 3. 

Figure 5 is a schematic drawing of an apparatus for coating inner surface of a vessel used in the present invention. 

Detailed Description of the Invention 

45 

The present invention relates to a plastic vessel of three-dimensional shape, excellent in gas-impermeability, that 
is coated with a silicon oxide film, wherein the plastic can be a material that has aTg higher than the coating temperature; 
and the silicon oxide film can have a refractive index of, preferably, 1 .4 to 1 .5, a thickness of, preferably, 300 to 2000A, 
and a composition of SiO x (preferably x = 1 .5 to 2.0). 

50 in another aspect, the invention relates to a plastic vessel of three-dimensional shape, excellent in gas-interception, 

that is coated with a silicon oxide film, wherein the plastic can be a material that has a Tg higher than the coating 
temperature; and the silicon oxide film can have, preferably, a refractive index of 1 .4 to 1 .5, a thickness of 300 to 2000A 
and a composition of SiO x (preferably x = 1 .5 to 2.0), and can be coated on a polymeric film of a silicon compound that 
has, preferably, a refractive index of 2.0 to 2.3 and a thickness of 50 to 500A. Examples of plastic material can be a 

55 polyester resin such as PET or PEN, polycarbonate, or a cyclic olefin copolymer. According to the invention the silicon 
oxide film can be formed by the well known CVD process. Also, the silicon oxide film can be formed by the well known 
PVD process. Still further, the silicon oxide film can be formed by the PVD process using a mixture of silicon monoxide 
and silicon dioxide. Typically, the silicon oxide film can be a film that contains not less than 60% of silicon oxide com- 
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pounds. 

The plastic used for the vessel or container can be a material that has a Tg higher than the coating temperature 
of the silicon oxide film. The process can be carried out by a method wherein a high-frequency electrode is placed in 
the surface side on which the coating is not formed and the location of the high-frequency electrode is nearly constant 
5 in a distance not more than 10 mm from the electrode surface to the vessel surface on which the coating is formed; 
an electrode for ground connection is placed in the surface side on which the coating is formed and the location of the 
ground connection electrode is nearly constant in a distance from the ground connection electrode surface to the vessel 
surface, which distance is greater than the distance from the high-frequency electrode surface to the vessel surface 
on which the coating is formed; and then the silicon oxide film is coated in a uniform thickness to the surface which 
10 faces to the ground connection electrode by introducing the plasma of the silicon oxide produced by CVD process in 
between the surface of the vessel and the ground connection electrode with a discharge gas pressure of 0.0005 to 
0.05 torr. Typically, the distance from the ground connection electrode surface to the vessel surface can be nearly 
constant and can be 11 to 1 00 mm. 

The ground connection electrode can be one electrode that has the surface, facing with the coated surface of the 
is vessel, of similar shape to the coated surface of the vessel. Also, the high-frequency electrode can be one electrode 
that has the surface of similar shape to the coated surface of the vessel. 

The silicon oxide film formed on the three-dimensional plastic vessel can be a refractive index of 1 .4 to 1 .5 and a 
thickness of 300 to 2000 A. 

In another aspect, the process of the invention may include the steps wherein a high-frequency electrode is placed 
20 in the surface side on which the coating is not formed and the location of the high-frequency electrode is nearly constant 
in a distance, preferably, not more than 10 mm from the electrode surface to the vessel surface on which the coating 
is formed; an electrode for ground connection can be placed in the surface side on which the coating can be formed 
and the location of the ground connection electrode can be nearly constant in a distance from the ground connection 
electrode surface to the vessel surface, which distance is greater than the distance from the high-frequency electrode 
25 surface to the vessel surface on which the coating is formed; the polymeric film of the silicon compound can be formed 
on the vessel surface by introducing the plasma, which is formed by a low temperature plasma technique from an 
organic silicon compound comprising at least silicon, oxygen and carbon, in between the vessel surface and the ground 
connection electrode with a discharge gas pressure of, preferably, 3 x 10" 3 to 3 x 1 0r 2 torr; and the plasma of the silicon 
oxide produced by CVD process can be then supplied to form a coating film of the silicon oxide onto the silicon com- 
30 pound film with a discharge gas pressure of, preferably, 0.0005 to 0.05 torr 

The coated film of the polymeric silicon compound can have a refractive index of 2.0 to 2.3 and a thickness of 50 
A to 500 A, and the coated film of the silicon oxide can have a refractive index of 1 .4 to 1 .5 and a thickness of 300 A 
. to 2000 A. 

A feature of the present invention resides in that an external electrode can be placed outside the three-dimensional 

35 vessel; the distance from the outer surface of the vessel to the external electrode surface can be kept nearly constant; 
and an internal electrode can be placed inside the vessel with a nearly constant distance from the inner surface of the 
vessel to the electrode surface. Furthermore, it can be characteristic that the distance from the outer surface of the 
vessel to the external electrode surlace is not more than 1 0 mm when the film is coated on the inner surface of vessel, 
and that the distance from the outer surface of vessel to the inner electrode surface can be not more than 10 mm when 

40 the thin film is coated on the outer surface of vessel. The object of keeping a constant distance between the electrode 
and vessel surface is to make the electric field intensity distribution constant. The distance from the high-frequency 
electrode to the vessel surface on which the coating is provided can be not more than 10 mm, because the longer 
distance can result in an undesirable sudden decrease of the gas-impermeability. The distance between the ground 
connection electrode and the vessel surface to be coated can be preferably longer than the distance between the 

45 vessel surface to be coated and the high-frequency electrode. When the distance between the vessel surface to be 
coated and the high-frequency electrode is equal to the distance between the vessel surface to be coated and the 
ground connection electrode, stable discharge desired is less obtainable. Under the conditions of the present invention, 
the discharge occurs on the side where the distance between the electrode and the vessel surface is longer. Hence, 
the distance between the vessel surface and the ground connection electrode is made longer so that the discharge 

so occurs therebetween to form the coating film. The distance between the ground connection electrode and the vessel 
surface is preferably 11 to 100 mm, more preferably 11 to 70 mm. 

Another characteristic of the present invention is to use one ground connection electrode and one high-frequency 
electrode; the combination of such electrodes produces exactly constant electric field intensity distribution and makes 
the coated film to be formed uniform. 

55 a third characteristic of the present invention is to produce a plasma of silicon oxide by the CVD process with a 

discharge gas pressure of preferably 0.0005 to 0.05 torr. When the discharge gas pressure is not higher than 0.0005 
torr, the rate of filmmaking tends to be extremely reduced and filmmaking is practically very difficult or sometimes 
impossible. When the gas pressure is not less than 0.05 torr, the coated film can have a problem in that the gas- 
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impermeability is suddenly deteriorated. 

A fourth characteristic of the present invention is to use a plastic vessel, to be coated, that has a Tg higher than 
the coating temperature of the silicon oxide film, because deformation during the film forming should be avoided for 
the purpose of forming an ultraprecise film. 
5 These characteristics from first to fourth can be combined. Under such conditions, the plasma of silicon oxide can 

be introduced in between the electrode surface and the vessel wall. Since the electric field intensity distribution is 
constant there, the plasma concentration is constant and the silicon oxide deposits on the vessel wall in a uniform 
thickness for coating. In this way, a silicon oxide film with a constant thickness is formed. 

The internal and external electrodes can be one respectively. Useof plural electrodes should preferably be avoided. 
io When a plurality of electrodes are used, a uniform film can hardly be formed even with the CVD process. The present 
inventor has studied the reason from various standpoints. For example, a silicon oxide was coated by the CVD process 
in a way shown by Fig. 3 where a plurality of electrodes were located with a constant distance to the outer surface of 
a vessel; however, the film thickness did not become constant as explained later in Comparative Example. Furthermore, 
although coating while the vessel was rotated at a constant speed to give a uniform film thickness, the coated film did 
is not have improved gas-interception. 

The present inventor understood these phenomena as follows. The use of a plurality of electrodes intervenes the 
electric field intensity distribution by respective electrodes mutually causing the change of plasma concentration, by 
which the film thickness could not be so uniform as desired. The vessel rotation formed a mixture of films that were 
produced by different electric field intensities, hence a film of satisfactorily excellent gas-interception could not be 
20 formed. 

According to the present invention, the CVD process is used. As for the CVD process, high-frequency, alternating 
current and direct current may be used. 

The silicon oxide film formed in the present invention may have a refractive index of 1 .4 to 1 .5 and a thickness of 
300 to 2000 A. The film thickness not more than 300 A does not always give a continuous film, and the coating not 
25 less than 2000 A little improves the gas-interception and can cause undesirable film destruction by internal stress. 

The materials used for the silicon oxide plasma production by CVD process according to the present invention can 
include: SiH 4 and NO x gas or oxygen gas; organic silicon compounds such as tetraethoxysilane (TEOS) and hexam- 
aethyldisiloxane (HMDSO) combined with NO x gas or oxygen gas; and plasma auxiliary gas such as He or Ar gas. 

The silicon oxide film formed in this way has excellent gas-interception effect and provides excellent vessels for 
30 ordinary applications. 

The PVD process also may be used in the present invention. 

A fifth characteristic of the present invention is that either surface of the vessel can be coated by the selection of 
the position of the ground connection electrode, inside or outside the vessel. Plural coatings by changing the position 
ol ground connection electrode can give coatings on both inward and outward surfaces. 

35 The silicon compounds used for the purpose of forming the silicon oxide film can be liquid monomers such as 

silane, vinylethoxysilane and phenylmethoxysilane. 

The present invention also includes a process for coating a silicon oxide film, uniform in the film thickness, on a 
plastic vessel of three-dimensional shape, the plastic which can be a material that has a Tg higher than the coating 
temperature of the silicon oxide film. A high-frequency electrode can be placed on the surface side on which the coating 

40 can be not formed and the location of the high-frequency electrode is nearly constant in a distance, preferably, not 
more than 10 mm from the electrode surface to the vessel surface on which the coating is formed. An electrode for 
ground connection can be placed in the surface side on which the coating is formed and the location of the ground 
connection electrode can be nearly constant in a distance from the electrode surface to the vessel surface, which 
distance is, preferably, greater than the distance from the high-frequency electrode surface to the vessel surface on 

45 which the coating is formed. The polymeric film of the silicon compound can be formed on the vessel surface by 
introducing the plasma, which is formed by a low temperature plasma technique from an organic silicon compound 
comprising at least silicon, oxygen and carbon, in between the vessel surface and the ground connection electrode 
with a discharge gas pressure of, preferably, 3 x 1 0* 3 to 3 x 1 0" 2 torr. The plasma of the silicon oxide produced by CVD 
process can be then supplied to form a coating film of the silicon oxide onto the polymeric film of silicon compound 

so film with a discharge gas pressure of, preferably, 0.0005 to 0.05 torr. The coating film may comprise two layers obtained 
by this process can have very high water vapor-interception effect where the permeation of water vapor is, preferably, 
not more than 0.1 g/m^day, in addition to excellent gas-interception. 

When the polymeric film of silicon compound and the silicon oxide film are formed by installing the ground con- 
nection electrode and the high-frequency electrode, both films formed are uniform and the gas-interception is improved 

55 significantly. 

The reason why such special effects are brought about by the two-layer lamination in this order has not been 
satisfactorily explained scientifically; however, the function and effect of the present invention are realized repeatedly. 
The present inventor has understood that the gas-impermeability effect of the silicon oxide film is greatly brought 
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about by the stable fixation of fine particles of the silicon oxide supplied to the coating substrate. That is, the supplied 
particles move on the plastic substrate, stabilize at the most stable position and then fixed. In this way, the presence 
of formed polymer film of the silicon compound containing silicon, carbon and oxygen on the plastic substrate makes 
the silicon oxide fine particles stabilized and fixed effectively. Thus, the particle distribution is made uniform, and intimate 
s coating is understood to be formed by further overlaying of the silicon oxide fine particles on the stabilized silicon oxide 
particles. 

As for the fact that the water vapor-interception is very excellent as low as 0. 1 g/m 2 -day or less when the first layer 
of polymeric film of silicon compound and the second layer of silicon oxide film are within specified range of the refractive 
index respectively, the present inventor has understood that these conditions result in intimate coating with higher 
w fixation and less defect. 

The first coating layer of polymeric film of silicon compound can be the film of 50 to 500 which gives a composition 
of 15% or more of silicon and 20% or more of carbon, the remaining being oxygen, in the first layer. When the coating 
layer is thicker than specified above, the gas-impermeability can be deteriorated. The special first coating layer of 
polymeric film of silicon compound may be formed by ( for example, turning an organic silicon compound such as hex- 
's amethyldisiloxane into plasma and polymerizing the compound on the plastic substrate. The refractive index of coated 
film can be made 2.0 to 2.3 by adjusting the gas pressure to 3 x 10^ through 3 x 10' 2 torr in the polymerization step. 

The plasma CVD process according to the present invention is clearly special in view of the fact that the discharge 
gas pressure in known plasma CVD processes ranges from several torr to several tens torr although the application 
purposes are different. 

20 Examples of the organic silicone compound monomer to be used in the present invention include vinyltriethoxysi- 

lane, vinyltrimethoxysilane, tetramethoxysilane, tetraethoxysilane, phenyltrimethoxysilane, octamethylcyclotetrasi- 
loxane, methyltrimethoxysilane, methyltriethoxysilane, 1,1,3,3-tetramethyldisiloxane and hexanemethyldisiloxane. 
These compounds can also be used for forming the silicon oxide film. 

The present invention also relates to a three-dimensional vessel of gas-interception which is coated with the silicon 

25 oxide film formed in this way. The vessel to be used is preferably formed from a plastic material that has a higher Tg 
than the coating temperature. Examples of such plastic include polyester resins such as PEN and PET, polycarbonate 
resins, and cyclic olefin copolymer resins. Vessels of high gas-interception can be obtained by providing a silicon oxide 
(SiO x : x = 1 .5 - 2.0) film that has, preferably, a refractive index of 1 .4 to 1 .5 and a thickness of 300 to 2000 A on the 
surface of three-dimensional vessels made from such plastic. 

30 The present invention also includes a plastic vessel which is provided with the coated polymeric film of silicon 

compound, as the first layer, having, preferably, a refractive index of 2.0 to 2.3 and a thickness of 50 A to 500 A on the 
surface, and is provided thereon with the coated film of silicon oxide mentioned above. The silicon oxide film can also 
include a film coated with a mixture of silicon monoxide and silicon dioxide by PVD process. 

Furthermore, the silicon oxide film may be comprises not less than 60% of silicon oxide and the rest of a metal 

35 compound such as Ti0 2 , MgO, MgF 2 and CuC0 3 . Such mixture films have a large bending strength. When the content 
of silicon oxide is less than 60%, the gas-interception will deteriorate. 

The present invention, will be further understood from the following examples which are illustrative. 

Example 1 

40 

Fig. 1 shows a high-frequency plasma CVD apparatus that was used in the present invention for forming the 
polymeric film of silicon compound. This apparatus comprises: a bell-jar type vacuum chamber 1, made of stainless 
steel, of 60 cm diameter that has an inlet 6 from which silane or monomer which is liquid at room temperature is 
introduced in gaseous condition, and has an inlet 7 for oxygen gas; high-frequency power source 5 (13.56 MHz, 1.5 
45 kW. JEF-01 B) made by JEOL Ltd. and a matching box 4; a high-frequency electrode 3 of a disc type of 1 3 cm diameter; 
a cylindrical ground connection electrode 2 of 20 cm diameter and 1.5 cm height; and a jig 8 for the sample located 
between both electrodes. The apparatus of Fig. 1 can coat both the polymeric film of silicon compound and the silicon 
oxide which is the gas-interception layer. 

An oil-sealed rotary vacuum pump and an oil diffusion pump were used as vacuum pumps, which were being 
50 operated during the steps of film formation. 

Hexamethyldisiloxane (hereinafter abbreviated as HMDSO) was used as the monomer which is liquid at room 
temperature. Oxygen gas was used as the reactive gas. These gases were introduced through separate routes, mixed 
in the ground connection electrode, and released into the chamber. 

The ground connection electrode and the high-frequency electrode were placed in parallel with a distance of 70 
55 mm. A polycarbonate (hereinafter abbreviated as PC) sheet of 100 was used as the sample and placed with the aid 
of an insulating sample jig between the high-frequency electrode and ground connection electrode with a distance of 
5 mm from the high-frequency electrode. 

Vacuum in the chamber was made to 2 - 3 x 10* 5 torr (ionization vacuum gauge) by the oil-sealed rotary vacuum 
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pump and oil diffusion pump, then oxygen gas was introduced until the vacuum became 1 x 10- 3 torr. Thereafter, 
HMDSO vapor was introduced until the vacuum became 2x10^ torr. Incident electric power of 200 W was introduced 
from the high-frequency power source through the matching box into the chamber, where the mixed plasma of oxygen 
and HMDSO was generated and kept for 10 minutes; thereby, a silicon oxide film is formed on the PC sample. 
5 Water vapor permeability was determined for this laminate material using a water vapor permeability meter made 

by Mocon. The results are shown in Table 1 . 

Example 2 and Comparative Example 1 

10 Example 1 was repeated except the position of the PC sample placed between the high-frequency electrode and 

the ground connection electrode was changed to 3, 7, 9, 23, and 40 mm respectively from the high-frequency electrode. 
The water vapor permeation of the PC samples on which silicon oxide film was formed was determined and shown in 
Table 1 also. 



15 Table 1 





Distance of HFE-Substrate (mm) 


Water Vapor permeation g/m 2 -day 


Ex. 1 


5 


0.07 


Ex. 2 


0 


0.10 


3 


0.09 


7 


0.07 


9 


0.10 


CEx. 1 


23 


1.3 


40 


3.1 


(Note): 

HFE:Hight-frequency electrode 
CEx:Comarative example 



Example 3 and Comparative Example 2 

Example 1 was repeated except that the sample thickness was 1 80u. - 280u. and that a plastic sheet having a glass 
transition temperature (hereinafter abbreviated as Tg) of -15°C to 105°C was used. The water vapor permeation of 
the samples on which silicon oxide film was formed was determined and shown in Table 2. The temperature of sample 
surface was measured by a optical fiber type thermometer and found to be 45°C in this condition. 





Tg of Substrate (°C) 


Water Vapor permeation g/m 2 day 


Ex. 3 


125 


0.03 




115 


0.04 




105 


0.03 




97 


0.04 




91 


0.08 




67 


0.1 


CEx. 2 


-15 


0.4 



Example 4 



Fig. 2 is a schematic cross-sectional drawing of an electrode for coating outer surface of a vessel used in the 
present invention. Reference numeral 9 in the drawing indicates a cylindrical vessel, provided with bottom, made of 
polyethylene terephthalate (hereinafter abbreviated as PET). Reference numeral 1 0 indicates the inner high-frequency 
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electrode of which outer surface has similar shape to the outer surface of the cylindrical vessel provided with bottom. 
The distance between the outer surface of electrode 10 and the outer surface of the vessel is constant and about 5 
mm. Reference numeral 11 indicates the external ground connection electrode. The inner surface of electrode 11 has 
similar shape to the outer surface of the cylindrical vessel 9 provided with bottom, and the distance between both is 

s nearly constant and about 1 2 mm. Ground connection electrode 11 and high-frequency electrode 1 0 are placed through 
insulator 12. The ground connection electrode 11 has a gas inlet 13 at upper part. The electrode for coating outer 
surface has a gas outlet 14 at lower part. The reactive gas and the monomer gas are introduced into the electrode 
through the gas inlet 13, turned to plasma, allowed to flow along the outer surface of the cylindrical vessel 9 provided 
with bottom, and exhausted outward from the electrode through the gas outlet 14. With this electrode, the silicon oxide 

w film is formed on the outer surface of the cylindrical vessel 9 provided with bottom. 

By use of the apparatus shown in Fig. 1 with the electrode for coating outer surface of vessel that was equipped 
with the cylindrical vessel 9 provided with bottom, a silicon oxide film was formed on the outer surface of a vessel. 

The silicon oxide film was formed by the following arrangement. The jig 8 for sample in Fig. 1 was removed; the 
electrode for coating outer surface for the vessel of Fig. 2 was placed between the high-frequency electrode 3 and the 

15 ground connection electrode 2 in Fig. 1 ; the cylindrical ground connection electrode 2 and the ground connection 
electrode 11 of the electrode for coating outer surface of the vessel were connected; and the disc high-frequency 
electrode 3 and the high-frequency electrode 10 for coating outer surface of the vessel were connected. 

Vacuum in the chamber was made to 2 - 3 x 10* 5 torr (ionization vacuum gauge) by an oil-sealed rotary vacuum 
pump and oil diffusion pump, then oxygen gas was introduced until the vacuum became 1 x 10* 3 torr. Thereafter, 

20 HMDSO vapor was introduced until the vacuum became 2 x 10" 3 torr. Incident electric power of 200 W was introduced 
from the high-frequency power source through the matching box into the chamber, where the mixed plasma of oxygen 
and HMDSO was generated and kept for 10 minutes; thereby, a silicon oxide film was formed on the outer surface of 
the cylindrical vessel provided with bottom. 

The thickness distribution of the silicon oxide film and the water vapor permeability were determined for the barrel 

25 part of the cylindrical vessel provided with bottom. The results are shown in Table 3. 

Comparative Example 3 

Outside of the cylindrical vessel 9 provided with bottom of Example 4, four external high-frequency electrodes 15 
30 were placed, as shown in Fig. 3, with equal 90 degrees angle in terms of the cylinder centers and equal distance from 
the outer surfaces of the cylindrical vessels. Except this, coating was performed in the same conditions as Example 
4. The thickness distribution of the silicon oxide film and the water vapor permeability were determined for the barrel 
part of the cylindrical vessel provided with bottom. The result is shown in Table 3 together with Example 4. 

Fig. 4 is a schematic top view of the coating apparatus of Fig. 3, in which the observed positions 0D, 45D, and 
35 90D are indicated. 

Comparative Example 4 

Coating was performed in the same conditions as Example 4 except cylindrical vessel provided with bottom was 
40 axially rotated at 4 rpm. The thickness distribution of the silicon oxide film and the water vapor permeability were 
determined for the barrel part of the cylindrical vessel provided with bottom. The results are shown in Table 3 together 
with Example 4 and Comparative Example 3. 



Table 3 





Film Thickness (A) 


Refractive Index 


Water Vapor permeation g/m 2 day 


J Observed Position 


0D 


45D 


90D 


0D 


45D 


90D 


| Ex. 4 


950 


980 


930 


1.45 


1.47 


1.44 


0.02 


J CEx. 3 


510 


1680 


620 


1.42 


1.69 


1.44 


1.85 


| CEx. 4 


940 


990 


950 


1.55 


1.60 


1.58 


1.05 



Example 5 

Fig. 5 is a schematic cross-sectional drawing of an electrode for coating inner surface of a vessel used in the 
present invention. Reference numeral 9 in the drawing indicates a vessel in a cup shape, made of a cyclic olefin 
copolymer (hereinafter abbreviated as COC). Reference numeral 15 indicates the outer high-frequency electrode of 
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which inner surface has similar shape to the inner surface of the cup vessel. The distance between the inner surface 
of electrode 15 and the inner surface of the vessel is constant and about 5 mm. Reference numeral 16 indicates the 
internal ground connection electrode. The outer surface of electrode 16 has similar shape to the inner surface of the 
cup vessel 9, and the distance between both is nearly constant and about 20 mm. Ground connection electrode 16 

s and high-frequency electrode 15 are placed through insulator 12. The ground connection electrode 16 has a gas inlet 
13 at lower part and a gas outlet 14 at upper part. The reactive gas and the monomer gas are introduced into the 
electrode through the gas inlet 1 3, turned to plasma, allowed to flow along the inner surface of the cup vessel 1 , and 
exhausted outward from the electrode through the gas outlet 14. With this electrode, the silicon oxide film is formed 
on the inner surface of the cup vessel 9. 

10 By use of the apparatus shown in Fig. 1 with the electrode for coating inner surface of vessel that was equipped 

with the cup electrode, a silicon oxide film was formed on the inner surface of a vessel. 

The silicon oxide film was formed by the following arrangement. The jig 8 for sample in the drawing was removed; 
the electrode for coating inner surface for the vessel of Fig. 5 was placed between the high-frequency electrode 3 and 
the ground connection electrode 2 in Fig. 1; the cylindrical ground connection electrode 2 and the ground connection 

is electrode 16 of the electrode for coating inner surface of the vessel were connected; and the disc high-frequency 
electrode 3 and the high-frequency electrode 15 for coating inner surface of the vessel were connected. Thereafter, 
SiH 4 gas was introduced through the monomer inlet and oxygen was introduced through the oxygen gas inlet. Then, 
the mixed plasma of these gases was generated. A silicon oxide film was deposited on the inner surface of the cup 
vessel with a discharge pressure of 2 x 10~ 3 torr. The water vapor permeability of cup vessel coated with the silicon 

20 oxide film was determined and found to be 0.02 g/m 2 -day (40°C, 90% RH). 

Example 6 

A cylindrical vessel, provided with bottom, made of polyethylene naphthalate (hereinafter abbreviated as PEN) 
25 was coated on the outer surface with a HMDSO polymer film and a silicon oxide film by use of the apparatus shown 
in Fig. 2 where the electrode for coating outer surface of the vessel was provided. 

Except for the conditions described below, the coating was performed in the same conditions as Example 4. 
Vacuum in the chamber was made to 2 - 3 x 10* 5 torr (ionization vacuum gauge) by an oil-sealed rotary vacuum 
pump and oil diffusion pump. Thereafter, HMDSO vapor was introduced until the vacuum became 3 x 10* 3 torr to 1 x 
30 10' 3 torr. Incident electric power of 400 W was introduced from the high-frequency power source into the chamber, 
where HMDSO plasma was generated and kept for 1 minute; thereby, a HMDSO polymer film is formed on the outer 
surface of the cylindrical vessel provided with bottom. 

Subsequently, the vacuum in chamber was made to 2 - 3x 10" s torr by the oil-sealed rotary vacuum pump and oil 
diffusion pump, then a silicon oxide film is formed in the same manner as Example 5 on the HMDSO polymer film. The 
35 cylindrical vessel provided with bottom coated with these films were subjected to analysis in which the refractive index 
and the film thickness were determined by an ellipsometer and the water vapor permeation was determined by weight 
method. The results are shown in Table 4. 



Table 4 



40 



45 






HMDSO 


HMDSO Film 


Water Vapor Permeation through two- 
layer film 




Cone. 


Coating Period 


Refractive Index 


Film Thickness 




Ex. 6 


3 


0.5 min 


2.05 


60 


0.04 




3 


1 .0 min 


2.05 


100 


0.03 




3 


2.0 min 


2.05 


210 


0.05 




8 


0.5 min 


2.25 


80 


0.02 




8 


1 .0 min 


2.25 


150 


0.02 




8 


2.0 min 


2.25 


320 


0.03 




10 


0.5 min 


2.04 


120 


0.05 




10 


1.0 min 


2.04 


240 


0.06 




10 


2.0 min 


2.04 


480 


0.08 

I — E 
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Table 4 (continued) 





HMDSO 


HMDSO Film 


Water Vapor Permeation through two- 
layer film 


Cone. Coating Period 


Refractive Index Film Thickness 


(Note) 

Unit of HMDSO concentration (cone): x 10* 3 ton- 
Unit of film thickness: Angstrom 

Unit of water vapor permeation: g/m 2 -day at 40°C, 90% RH 



Comparative Example 5 



Coating was made in the same way as Example 6 on to the same cylindrical PEN vessel with bottom except that 
the HMDSO concentration was 1.5 x 10- 3 torr and 20 x 10" 3 torr and that the time of coating period of the HMDSO 
polymer film was 0.2 and 5 minutes. The refractive index and the film thickness of the HMDSO polymer film coated on 
the outer surface of the vessel were determined by an ellipsometer. The water vapor permeation was determined by 
weight method for the HMDSO laminated polymer film and silicon oxide film. The results are shown in Table 5. 



Table 5 





HMDSO 


HMDSO Film 


Water Vapor Permeation through 
two-layer film 


Cone. 


Coating Period 


Refractive Index 


Film Thickness 


CEx. 5 


2 


0.2 min 


1.78 


30 


0.15 


2 


5 min 


1.78 


770 


0.45 


20 


0.5 min 


1.68 


300 


0.32 \ 


20 


5 min 


1.66 


6000 


0.47 


Uncoated 










0.49 


(Note): 

Unit of HMDSO concentration (cone): x 10- 3 torr 
Unit of HMDSO polymer film thickness: Angstrom 

Unit of water vapor permeation through two-layer film: g/m 2 -day at 40°C, 90% RH 



Example 7 



A cylindrical vessel, provided with bottom, made of polyethylene naphthalate (hereinafter abbreviated as PEN) 
was coated on the outer surface with a HMDSO polymer film and a silicon oxide film by use of the apparatus shown 
in Fig. 2 where the electrode for coating outer surface of the vessel was provided. 

Except the cylindrical vessel provided with bottom and the conditions described below, the coating was performed 
in the same conditions as Example 4. 

Vacuum in the chamber was made to 2 - 3 x 10" 5 torr (ionization vacuum gauge) by an oil-sealed rotary vacuum 
pump and oil diffusion pump, then H MDSO vapor was introduced until the vacuum became 4 x 1 0" 3 torr. Incident electric 
power of 400 W was introduced from the high-frequency power source into the chamber, where HMDSO plasma was 
generated and kept for 1 minute; thereby, a HMDSO polymer film is formed on the outer surface of the cylindrical vessel 
provided with bottom. 

Subsequently, the vacuum in chamber was made to 2 - 3 x 10" s torr by the oil-sealed rotary vacuum pump and oil 
diffusion pump, then a silicon oxide film is formed in the same manner as Example 5 on the HMDSO polymer film 
except that the concentration of HMDSO vapor to oxygen (HMDSO/oxygen; the ratio of vacuum in the chamber as 
determined by ionization vacuum gauge) was in a range from 0.5 to 2.5 and that the time of coating period of the 
HMDSO polymer film was 5 to 20 minutes. The cylindrical vessel provided with bottom coated with these films were 
subjected to analysis in which the refractive index and the film thickness were determined by an ellipsometer and the 
water vapor permeation was determined by weight method. The results are shown in Table 6. 
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Table 6 



10 



ts 



20 



25 





HM0SO/O 2 Ratio 


Coating period of Si 
oxide 


Si oxide film 


Water vapor 
permeation through 
two-layer film 


Refractive Index 


Film Thickness 


Ex. 7 


0.5 


5.0 min 


1.43 


510 


0.03 


0.5 


10.0 min 


1.44 


1060 


0.02 


0.5 


20.0 min 


1.44 


1880 


0.02 


1.0 


5.0 min 


1.45 


490 


0.02 


1.0 


10.0 min 


1.45 


1080 


0.02 \ 


1.0 


20.0 min 


1.46 


2010 


0.02 


2.5 


5.0 min 


1.46 


520 


0.03 


2.5 


10.0 min 


1.46 


1050 


0.04 


2.5 


20.0 min 


1.46 


2030 


0.05 


(Note): 

Unit of Coating period of Si oxide: Minutes 
Unit of film thickness: Angstrom 

Unit of water vapor permeation through two-layer film: g/m 2 -day at 


40°C, 90% RH 





Comparative Example 6 



Coating of silicon oxide film was formed on the HMDSO polymer film in the same way as Example 7 except that 
the concentration of HMDSO vapor to oxygen (HMDSO/oxygen; the ratio of vacuum in the chamber as determined by 
30 ionization vacuum gauge) was 0.2 and 5 and that the time of coating period of the HMDSO polymer film was 2 to 25 
minutes. The cylindrical vessel provided with bottom coated with these films were subjected to analysis in which the 
refractive index and the film thickness were determined by an ellipsometer and the water vapor permeation was de- 
termined by weight method. The results are shown in Table 7. 



35 



40 



45 



50 



Table 7 





HMDSO/0 2 Ratio 


Coating period of Si 
oxide 


Si oxide film 


Water vapor 
permeation 
through two-layer 


Refractive Index 


Film Thickness 


CEx. 6 


0.2 


2 min 


1.38 


180 


0.46 


0.2 


25 min 


1.39 


2350 


0.14 


5.0 


2 min 


1.59 


190 


0.48 


5.0 


25 min 


1.60 


2530 


0.25 


Uncoated 










0.49 S 


(Note): 

Unit of Coating period of Si oxide: Minutes 

Unit of film thickness: Angstrom i 
Unit of water vapor permeation through two-layer film: g/m 2 -day at 40°C, 90% RH 



55 



Since a silicon oxide film of uniform thickness and of a refractive index in a constant range is formed on a three- 
dimensional plastic vessel, a vessel of excellent gas-interception can be provided according to the present invention. 
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Claims 

1. A plastic vessel of three-dimensional shape, that is coated with a silicon oxide film, wherein 

5 said plastic is a material that has a Tg higher than the coating temperature; and 

said silicon oxide film has a refractive index of 1 .4 to 1 .5, a thickness of 300 to 2000 A, and a composition of 
SiO x (x=1.5 to 2.0). 

2. A plastic vessel of three-dimensional shape, that is coated with a silicon oxide film, wherein 

w 

said plastic is a material that has a Tg higher than the coating temperature; and 

said silicon oxide film has a refractive index of 1.4 to 1.5, a thickness of 300 A to 2000 A and a composition 
of SiO x (x = 1 .5 to 2.0), and is coated with a thin silicon compound polymeric film that has a refractive index 
of 2.0 to 2.3 and a thickness of 300 to 2000 A. 

15 

3. A plastic vessel of three-dimensional shape, according to claim 1 or 2, wherein the plastic material is a polyester 
resin such as PET or PEN. 

4. A plastic vessel of three-dimensional shape, according to claim 1 or 2, wherein the plastic material is a polycar- 

20 bonate. 

5. A plastic vessel of three-dimensional shape, according to claim 1 or 2, wherein the plastic material is a resinous 
copolymer of a cyclic olefin. 

25 6. A plastic vessel of three-dimensional shape, according to any one of preceding claims, wherein the silicon oxide 
film is formed by CVD process. 

7. A plastic vessel of three-dimensional shape, according to any one of claims 1 through 5, wherein the silicon oxide 
film is formed by PVD process. 

30 

8. A plastic vessel of three-dimensional shape, according to any one of claims 1 through 5 and 7, wherein the silicon 
oxide film is formed from a mixture of silicon monoxide and silicon dioxide by PVD process. 

9. A plastic vessel of three-dimensional shape, according to any one of preceding claims, wherein the silicon oxide 
35 film is a film that contains not less than 60% of silicon oxide compounds. 

10. A process for coating a silicon oxide thin film, on a plastic vessel of three-dimensional shape, said plastic being a 
material that-bas a Tg higher than the coating temperature of the silicon oxide thin film, comprising: 

40 placing a high-frequency electrode in the surface side on which the coating is not formed, the location of the 

high- frequency electrode being nearly constant in a distance not more than 1 0 mm from the electrode surface 
to the vessel surface on which the coating is formed; 

placing an electrode for ground connection in the surface side on which the coating is formed, the location of 
the ground connection electrode being nearly constant in a distance from the electrode surface to the vessel 
45 surface, which distance is greater than the distance from the high-frequency electrode surface to the vessel 

surface on which the coating is formed; and 

adhering the silicon oxide thin film in a uniform thickness to the surface which faces to the ground connection 
electrode by introducing the plasma of the silicon oxide produced by CVD process in between the surface of 
the vessel and the ground connection electrode with a discharge gas pressure of 0.0005 to 0.05 torr. 

50 

11. A process for coating a silicon oxide film, on a plastic vessel of three-dimensional shape according to claim 10, 
wherein the distance from the ground connection electrode surface to the vessel surface is nearly constant and 
is 11 to 100 mm. 

55 12. The process for coating a silicon oxide thin film, on a plastic vessel of three-dimensional shape according to claim 
10 or 11, wherein the ground connection electrode is one electrode that has the surface, facing with the coated 
surface of the vessel, of similar shape to the coated surface of the vessel. 
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13. The process for coating a silicon oxide film, on a plastic vessel of three-dimensional shape according to any one 
of claims 10 through 12, wherein the high-frequency electrode is one electrode that has the surface of similar 
shape to the coated surface of the vessel. 

14. The process for coating a silicon oxide film, on a plastic vessel of three-dimensional shape according to any one 
of claims 10 through 13, wherein the silicon oxide film formed on the three-dimensional plastic vessel has a re- 
fractive index of 1 .4 to 1 .5 and a thickness of 300 to 2000 A. 

15. The process for coating a silicon oxide film, on a plastic vessel of three-dimensional shape, said plastic being a 
material that has a Tg higher than the coating temperature of the silicon oxide film, comprising: 

placing a high-frequency electrode in the surface side on which the coating is not formed, the location of the 
high-frequency electrode being nearly constant in a distance not more than 10 mm from the electrode surface 
to the vessel surface on which the coating is formed; 

placing an electrode for ground connection in the surface side on which the coating is formed, the location of 
the ground connection electrode being nearly constant in a distance from the ground connection electrode 
surface to the vessel surface, which distance is greater than the distance from the high-frequency electrode 
surface to the vessel surface on which the coating is formed; 

forming the polymeric film of the silicon compound on the vessel surface by introducing the plasma, which is 
formed by a low temperature plasma technique from an organic silicon compound comprising at least silicon, 
oxygen and carbon, in between the vessel surface and the ground connection electrode with a discharge gas 
pressure of 3 x 10' 3 to 3 x 10* 2 torr; and 

the plasma of the silicon oxide being produced by CVD process and supplying said plasma to form a coating 
film of the silicon oxide onto the silicon compound film with a discharge gas pressure of 0.0005 to 0.05 torr. 

16. The process for coating a silicon oxide film, on a plastic vessel of three-dimensional shape according to claim 15, 
wherein the coated film of the polymeric silicon compound has a refractive index of 2.0 to 2.3 and a thickness of 
50 A to 500 A, and the coated film of the silicon oxide has a refractive index of 1 .4 to 1 .5 and a thickness of 300 
A to 2000 A. 
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FIG. 3 
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FIG. 5 
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